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IMAGE PROCESSING APPARATUS, METHOD 
AND MEMORY MEDIUM THEREFOR 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an image 
processing apparatus, an image processing method and a 
memory medium therefor. 
Related Background Art 

Recently there is being standardized the so-called 
digital watermarking technology for embedding, in image 
information such as a photograph or a picture, 
additional information consisting of so-called 
copyright information such as the name of author or the 
presence/absence of permission for use in visually 
easily unrecognizable manner for dissemination through 
networks such as internet. 

Also with the progress in image quality of the 
copying apparatus and the printer, in order to avoid 
illegal forging of banknotes, stamps, valuable 
documents etc., there is known a technology of 
embedding additional information such as the 
information indicating the number of the output device 
in the image, in order to specify the output device and 
the number thereof from the image printed on paper. 

For example, the Japanese Patent Application Laid- 
Open No. 7-123244 proposes a technology of embedding 
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additional information in the high frequency range of 
the color difference component and saturation component 
which is of visually low sensitivity. 

However, the above-described conventional 
technology has been associated with the following 
drawbacks. Fig. 13 illustrates embedding of general 
additional information in the digital watermarking 
technology- In the image information A, the additional 
information B is embedded by an adder 1301 to obtain 
multiplexed information C. Fig. 13 shows an example of 
embedding the additional information in the real space 
area of the image information. If such multiplexed 
information can be disseminated without image 
processing such as various filterings or encoding such 
as non-reversible compression, the additional 
information B can be easily extracted from the 
multiplexed information C even in the conventional 
technology- In the image information distributed on 
the internet, such extraction is possible through a 
digital filter for improving the image quality such as 
edge enhancement or smoothing, as long as there is 
certain noise resistance. 

However, let us assume a case of printing the 
multiplexed image by an output device such as a printer 
and extracting the additional information from the 
print, employing a printer of representing ability of 
two to several gradation levels per color. Among the 
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recent ink jet printers, there is known a device 
capable of representing several gradation levels by 
employing inks of lower dye concentration or variably 
controlling the output dot diameter, but the gradation 
of the photographic image cannot be reproduced unless 
pseudo gradation process is adopted. 

Thus, in the aforementioned case of printer output 
of the multiplexed information employing the digital 
watermarking technology shown in Fig. 13, the 
multiplexed information C at first changes to quantized 
information D by a pseudo gradation process 1401 as 
shown in Fig. 14. Then the quantized information D 
changed, by printing on paper by a printer 1402, to 
significantly deteriorated on-paper information (print) 
E. Consequently, the aforementioned extraction of the 
additional information from the on-paper information 
for the purpose of preventing forgery corresponds to 
the extraction of the additional information B from the 
on-paper information E after the processes shown in 
Fig. 14. 

As the information is significantly changed by the 
processes 1401, 1402, it is very difficult to embed the 
additional information in visually easily 
unrecognizable manner and to correctly extract the 
embedded information from the information on paper. 

Also Fig. 15 shows an example of conventional 
digital watermarking technology the image information 



is synthesized for example to a high frequency range 
after conversion into a frequency range for example by 
Fourrier transformation instead of the real space area. 
In the example shown in Fig. 15, the image information 
is converted into the frequency range by an orthogonal 
transformation process 1501, and the additional 
information is added to a visually easily 
unrecognizable specified frequency by an adder 1502. 

After the image information is returned to the 
real space area by an inverse orthogonal transformation 
process 1503, there is executed a filtering process 
involving major changes such as the pseudo gradation 
process and the printer output as in the case shown in 
Fig. 14. 

Fig. 16 shows a procedure of separation of the 
additional information from the information on paper . 
The information of the print is entered by passing the 
print through an image reading device 1601 such as a 
scanner. As the printed image has the gradation by the 
pseudo gradation process, the entered information is 
subjected to a gradation reconstruction process 1602 
which is an inverse pseudo gradation process- The 
gradation reconstruction process is generally executed 
with an LPF (low-pass filter). The information after 
the reconstruction is subjected to an orthogonal 
transformation process 1603 and the embedded additional 
information is separated by the power of a specified 



frequency in a separation process 1604. 

As will be apparent from Figs. 15 and 16, there 
are involved a number of complex processes from the 
embedding of the additional information to the 
extraction thereof. In case of a color image, there is 
also involved a color conversion process for converting 
into the colors specific to the printer. In order to 
achieve satisfactory separation even after such complex 
processes, there is required to the insertion of a 
signal of a very high resistance. It is difficult to 
insert a highly resistant signal while maintaining the 
satisfactory image quality. 

Also since the involved processes are many in 
number and complex, the process time required for 
embedding and extraction becomes very long. 

Also in the process of the aforementioned Japanese 
Patent Application Laid-Open No. 7-123244 in which the 
additional information is embedded in the high 
frequency range, if the error diffusion method is 
employed in the subsequent pseudo gradation process, 
the additional information may be buried in the range 
of the texture generated by the error diffusion due to 
the characteristics of the high-pass filter specific to 
the error diffusion method so that the probability of 
failure in the extraction becomes very high. Also 
there is required a highly precise scanner device for 
the extraction. 
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Thus, the processes shown in Figs. 14 and 15 are 
not adequate in case the pseudo gradation process is to 
be adopted. Stated differently, there is required an 
embedding process for the additional information, fully- 
utilizing the characteristics of the pseudo gradation 
process . 

Examples of a process capable of combining the 
embedding of the additional information and the 
redundancy of the pseudo gradation process are 
disclosed in the Japanese Patent Registrations Nos. 
2,640,939 and 2,777,800. 

The former is to mix data into the image signal, 
in binarization with a systematic dither process, by 
selecting one of the dither matrixes representing a 
same gradation. 

However it is difficult to output a photographic 
high image quality in the systematic dither process, 
unless employing a printer of a high resolution with a 
very high mechanical precision, since even a slight 
aberration in the mechanical precision results in a low 
frequency noise such as lateral streaks which is easily 
recognizable on the paper. 

Also if the dither matrix is changed periodically, 
the frequency distribution is distorted by a specified 
frequency generated by the regularly arranged dither 
pattern to detrimentally affect the image quality. 

Also the gradation representing ability varies 



signif icantrly according to the kind of the dither 
matrix. Particularly on paper, the area change rate 
for example by the overlapping of dots varies depending 
on the kind of the dither matrix, so that the density 
may fluctuate by the switching of the dither matrix 
even in an area where the image signal indicates a 
uniform density. 

Also there may probably result erroneous 
extraction if the extraction is executed by estimating 
the dither matrix employed for binarization while the 
pixel values of the original image information is 
unclear. 

On the other hand, the latter is to employ a color 
dither pattern process and to embed the additional 
information according to such color dither pattern. 
Also in such process, the deterioration of the image 
quality by switching is inevitable as in the former 
process. 

Also in comparison with the former process, the 
latter process can embed the additional information of 
a larger amount, but results in a variation in the 
color hue resulting from the change in the arrangement 
of the color components, leading to a deterioration of 
the image quality particularly in the solid image area. 

Also the extraction on paper is anticipated to 
become more difficult. In any case, these two 
processes depending on the change of the dither matrix 
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are associated with the drawback that the extraction is 
difficult while the deterioration of image quality is 
considerably large . 

Therefore, the present applicant already proposed 
5 a method capable, utilizing the texture generated by 

the error diffusion method, of artificially preparing a 
{□ combination of the quantized values that cannot be 
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v^j generated in the ordinary pseudo gradation process. 



in 
in 



thereby embedding the additional information. 



t. ri 

^'"^^ 10 In this method, the image quality is visually not 



deteriorated since there is only involved a slight 
change in the shape of the texture- Also the density 

£ :; 

l"^^- in the aerial gradation can be maintained by employing 

C3 a method of changing the quantization threshold value 

15 in the error diffusion method, so that the additional 
information can be extremely easily embedded. 

In the above-described method, however, it is 
necessary to distinguish whether the texture is 
artificial or not at the extracting operation. In the 
20 print on paper, the texture may not be satisfactorily 
reproduced by the displacement of image dot from the 
desired print position for example by an error in the 
dot placement. 

Also in case of a color image, the additional 
25 information is embedded principally in a color 
component of lowest visual sensitivity, but the 
judgment of texture in the real space area is easily 



affected by other color components, so that the 
extraction of the additional information becomes 
difficult . 

There is also known a method, as disclosed in the 
Japanese Patent Registration No, 2,833,975, of 
embedding in the image additional information of a very 
large information amount such as audio information. 
Such method is to convert the audio information into 
dot codes known as so-called two-dimensional bar codes 
and print such codes in a marginal area of the image or 
in the image itself. 

In such method, however, the embedded dot codes 
deteriorate the aesthetic feature of the image since 
such dot codes are not embedded in a not easily 
recognizable manner in the image information. 

Though there is described an example of embedding 
the codes with transparent paint in the image in order 
to achieve not easily recognizable embedding, such 
method not only requires transparent ink leading to an 
increase in the cost but also deteriorates the image 
quality of the output on paper. 

SUMMARY OF THE INVENTION 

In consideration of the foregoing, an object of 
the present invention is to provide an image processing 
apparatus, an image processing method and a memory 
medium therefor, capable of resolving at least any of 
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the foregoing drawbacks . 

Another object of the present invention is to 
provide an image processing apparatus, an image 
processing method and a memory medium therefor, capable 
5 of adding predetermined information to an image while 
suppressing the deterioration in image quality 
1^1 resulting from the addition of the predetermined 

iS 

information to the image and enabling precise 

Hi 

extraction of the embedded information. 

. Pi 

Efi 10 Still another object of the present invention is 

m 

to provide an image processing apparatus, an image 
f*!' processing method and a memory medium therefor, 

enabling precise extraction of predetermined 

in 

M information from an image to which the predetermined 

15 information is added. 

The foregoing objects can be attained, according 
to a preferred embodiment of the present invention, by 
an image processing apparatus adapted to add 
predetermined information to an image, comprising an 
20 input unit for entering the image, a division unit for 
dividing the entered image into plural image areas, a 
quantization unit for quantizing, by the error 
diffusion method, the image area divided by the 
division unit, and a control unit for controlling the 
25 quantizing condition by the quantization unit in the 
unit of each image area. 

Also according to another preferred embodiment of 
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the present invention, there is provided an image 
processing apparatus adapted to add predetermined 
information to an image, comprising an input unit for 
entering the image, a division unit for dividing the 
5 entered image into plural image areas, transformation 
means for executing orthogonal transformation on the 

(3 image area divided by the division unit, a 

classification unit for classifying the image areas 

i^, into plural classes according to the transformation 

Jo 

ifi 10 process of the transformation unit, and an extraction 



en 



unit for extracting the predetermined information based 
:7 on a feature amount of each of the classified classes. 

According to the present invention, there are 

If! 

15 further provided an image processing apparatus, an 

15 image processing method and a memory medium therefor 
with a novel function. 

Still other objects of the present invention, and 
the features thereof, will become fully apparent from 
the following detailed description which is to be taken 
20 in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the principal 
parts of an image processing system of the present 
25 invention; 

Fig. 2 is a block diagram showing an additional 
information multiplexing device showing in Fig. 1; 



Fig. 3 is a block diagram showing the principal 
parts of an error diffusing unit shown in Fig, 2; 

Fig. 4 is a flow chart showing the sequence of a 
multiplexing unit including a quantization control 
unit; 

Fig. 5 is a view showing an example of block 
formation; 

Figs. 6A and 6B are views showing examples of 
change of quantizing threshold value in the quantizaing 
condition; 

Fig. 7 is a block diagram showing the principal 
parts of an additional information extracting unit 
shown in Fig. 1; 

Fig. 8 is a schematic view showing the inclination 
of an image in the scanner image; 

Fig. 9 is a view showing an example of 
classification in the orthogonally transformed blocks; 

Fig. 10 is a block diagram showing the principal 
parts of a second embodiment of the additional 
information separating unit of the present invention; 

Figs. IIA, IIB, 12A and 12B are views showing 
examples of block reformation by a block formation 
control unit shown in Fig. 10; 

Figs. 13, 14 and 15 are block diagrams showing 
examples of conventional multiplexing; and 

Fig. 16 is a block diagram showing an example of 
conventional extraction . 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[Embodiment] 

Now the present invention will be clarified in 
detail by an embodiment thereof, with reference to 
5 accompanying drawings. The image processing apparatus 
in the present embodiment can be efficiently 
incorporated as a printer driver software or an 
application software in a computer for preparing image 
information to be outputted to a printer engine, but 
10 can also be incorporated as a hardware or a software in 
the main body of a copying apparatus, a facsimile 
apparatus or a printer. 

Fig. 1 is a block diagram showing the 
configuration of an image processing system 
15 constituting a first embodiment. 

Input terminals 100, 101 are respectively used for 
entering image information of multiple gradation 
levels, and additional information to be embedded in 
the image information. 
20 Sucjh ad ditional in foimaLiuu is diirexentfr^ 

image information entered f ronu^fehe''T!nput terminal 100, 
^ for example audio ir>fc5rmation, text information, 

various infopmStion relating to the image entered by 
the inptlt terminal 100 such as copyright, date and time 
25 of i^nage taking, location of image taking, name of 

ijnage taking person ^tc. , or even completely different 
lage inf orhvatiorvs — ""'^^ 



- 14 - 



An additional information multiplexing device 102 
serves to embed the additional information in the image 
information in a visually not easily recognizable 
manner. The additional information multiplexing device 
5 102 executes quantization of the entered image 

information of multiple gradation levels in addition to 
-i3 the embedding of the additional information. 

^4 A printer 103 executes, by a printer engine, the 

y\ output of the quantized information prepared by the 



in 

3: 



m 



If] 10 additional information multiplexing device 102. The 

printer is assumed to be a printer capable of 
gradational represented by a pseudo gradation process, 
such as an ink jet printer or a laser printer. 

The information on the output print is read by a 
15 scanner 104, and the additional information embedded in 
the print is extracted by an additional information 
extracting device 105 and is outputted to an output 
terminal 106. 

Fig. 2 is a block diagram showing the 
20 configuration of the additional information 
multiplexing device 102 shown in Fig. 1. 

An error diffusion unit 200 executes a pseudo 
gradation process employing the error diffusion method 
on the entered image information to convert the number 
25 of gradation level thereof into a fewer number of 
quantization levels, in order to represent the 
gradation by area by the quantized levels of plural 



pixels. The details of the error diffusion process 
will be explained later, 

A block forming unit 201 serves to divide the 
entered image information in the unit of a 
predetermined area. Such block may be rectangular or a 
non-rectangular area . 

A quantization condition control unit 202 controls 
and changes the quantization condition in the unit of a 
block formed by the block forming unit 201, The 
quantization condition control unit 202 controls the 
quantizing condition based on the additional 
information entered from the input terminal 101. 

A control unit 210 is composed for example of a 
CPU 211, a ROM 212 and a RAM 213. The CPU 211 controls 
the function of the aforementioned components and the 
process according to a control program stored in the 
ROM 212. The RAM 213 is used as a work area of the CPU 
211. 

Fig. 3 is a block diagram showing the details of 
the error diffusion unit 200. The general error 
diffusion process is described in detail by R. Floyd 
and L. Stainberg in "An Adaptive Algorithm for Spatial 
Grayscale", SID Symposium Digest of Paper pp. 36-37 
(1975). 

The error diffusion process will be explained in 
the following, with an example where the quantization 
value is binary. 



An adder 300 adds the pixel value of a 
contemplated pixel in the entered image information and 
a quantization error distributed from an already 
binarized peripheral pixel, and a comparison unit 301 
compares the result of addition of the error with a 
quantization threshold value from the quantization 
condition control unit 202, and outputs "1" if the 
former is larger than the threshold value or "O" if 
otherwise . 

In case of representing the gradation of a pixel 
for example with a precision of 8 bits, it is customary 
to represent the maximum value of the gradation levels 
by "255" and the minimum value by "0". It is assumed 
that a dot is printed (for example with ink, toner 
etc.) on the paper when the quantization value is "1". 

A subtracter 302 calculates the error between the 
result of quantization and the aforementioned result of 
addition, and an error distribution calculation unit 
303 distributes the error to the peripheral pixels 
which are to be subjected to the quantization process 
thereafter. The error is distributed according to a 
proportion recorded in an error distribution table 304 
which is experimentally prepared in advance according 
to the relative distance to the contemplated pixel - 

The distribution table 304 shown in Fig. 3 shows 
distribution to four surrounding pixels, but such 
example is not restrictive. 



In the following there will be explained the 
operation sequence of the entire system including the 
quantization condition control unit 202, with reference 
to a flow chart shown in Fig. 4, in which explained is 
a case where the quantization value is binary. 

A step S401 is the initialization of a variable i, 
which counts the address in the vertical direction. 

A step S402 is the initialization of a variable j , 
which counts the address in the horizontal direction. 
A next step S403 is a discrimination step by the 
addresses values i, J and discriminates whether the 
coordinate of the current addresses i, j belongs to an 
area in which the additional information is to be 
embedded . 

Now reference is made to Fig. 5 for explaining the 
area in which the additional information is to be 
embedded. Fig. 5 shows an image having a horizontal 
pixel number WIDTH and a vertical pixel number HEIGHT. 
It is assumed that the additional information is to be 
embedded in such image. The image is divided into 
blocks of N pixels in the horizontal direction and M 
pixels in the vertical direction, starting from an 
original point at the upper left corner of the image. 
In the first embodiment, the block formation is 
executed by taking the original point as a reference 
point, but it is also possible to adopt another 
reference point separate from the original point. 
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In order "to embed "the information as large as 
possible in the image, the blocks of N x M pixels each 
are arranged starting from the reference point. Thus, 
there are obtained following relations for the number W 
of the blocks that can be arrange in the horizontal 
direction and the number H of the blocks that can be 
arranged in the vertical direction: 

W = INT(WIDTH/N) (1) 

H = INT{HEIGHT/M) (2) 
wherein INT{x) indicates the integral part of x. 

The numbers of pixels corresponding to the 
remainders in the relations ( 1 ) and ( 2 ) correspond to 
the marginal portion when the plural blocks of N x M 
pixels are arranged, and are outside the area of 
embedding of the additional information. 

Again referring to Fig. 4, if the step S403 
identifies that the currently processed pixel is 
outside the embedding area for the additional 
information, a step S404 sets a quantization condition 
C. On the other hand, if the currently processed pixel 
is identified inside the embedding area for the 
additional information, the additional information to 
be embedded is fetched. For the purpose of simplicity, 
it is assumed that the additional information is 
represented in each bit with an arrangement "code[ 

For example, if the additional information 
consists of 48 bits, one bit each is stored from code 



[0] to code [47] . A step S405 substitutes the 
information in the arrangement code [ ] into a variable 
bit in the following manner: 

bit = code [INT(i/M) x W + INT(j/N)] (3) 

Then a step S406 discriminates whether the 
substituted variable bit is "1". As the information in 
the arrangement code [ ] is one bit each, the variable 
bit has a value "0" or "1". 

In case the step S406 identifies a value "0", a 
step S407 sets a quantization condition A, but, in case 
a value "1" is identified, a step S408 sets a 
quantization condition B. 

Then a step S409 executes a quantization process 
based on thus set quantization condition. The 
quantization process corresponds to the error diffusion 
process explained in relation to Fig. 3. 

Then a step S410 steps up the variable j in the 
horizontal direction, and a step S411 discriminates 
whether the variable j is smaller than the horizontal 
pixel number WIDTH of the image. Thus the above- 
described procedure is repeated until the number of the 
processed pixels reaches the horizontal pixel number 
WIDTH. 

When the process in the horizontal direction is 
completed corresponding to the pixel number WIDTH, a 
step S412 steps up the variable i in the vertical 
direction, and a step S413 discriminates whether the 
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variable i is smaller than the vertical pixel number 
HEIGHT. Thus the above-described procedure is repeated 
until the number of processed pixels reaches the 
vertical pixel number HEIGHT. 

The above-described operation sequence allows to 
change the quantization condition in the unit of a 
block consisting of N x M pixels. 

In the following there will be explained examples 
of the quantization conditions A, B, C. The 
quantization condition in the error diffusion method 
includes various factors, but that in the first 
embodiment is assumed to be the quantization threshold 
value. There may be adopted any quantization threshold 
value for the quantization condition C, since it is 
used outside the embedding area for the additional 
information . 

In the aforementioned gradational representation 
with 8 bits for a pixel and with binary quantization 
levels, the maximum value "255" and the minimum value 
"O" become the representative values of quantization, 
and an intermediate value "128" is often adopted as the 
quantization threshold value. 

More specifically, in the quantization -condition 
C, the quantization threshold value is fixed at "128", 
Since the quantization conditions A, B are used in the 
block inside the embedding area for the additional 
information, it is necessary to generate a difference 



in the image quality depending on the difference in the 
quantization condition. The difference in the image 
quality has to be represented in a visually not easily 
recognizable manner and has to be precisely detectable 
on the paper. 

Figs. 6A and 6B illustrate examples of the 
quantization conditions A, B. Fig. 6A shows the period 
of change in the quantization threshold value in the 
quantization condition A. In Fig. 6A, each square 
corresponds to a pixel, and a white square indicates a 
fixed threshold value while a gray square indicates a 
variable threshold value. 

Thus, in the example shown in Fig. 6A, the block 
consists of a matrix of 8 pixels in the horizontal 
direction and 4 pixels in the vertical direction, and a 
steeply different threshold value is set in the gray 
squares . 

Fig. 6B similarly shows the period of change in 
the quantization threshold value in the quantization 
condition B. In Fig. 6B, the block consists of a 
matrix of 4 pixels in the horizontal direction and 8 
pixels in the vertical direction, and a steeply 
different threshold value is set in the gray squares. 

In the aforementioned case of gradation levels of 
8 bits per pixel, the fixed threshold value is selected 
as "128" while the steeply different threshold value is 
selected as "10" as an example. With a lower 
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quantization threshold value, the quantized value of 
the contemplated pixel more easily assumes a value "1" 
(quantization representative value "255"). Thus, in 
the examples shown in Figs. 6A and 6B, the quantization 
value "1" tends to appear more frequently in the gray 
squares. 

Stated differently, among the blocks of N x M 
pixels each, there are mixed the blocks in which the 
dots are generated with the pattern of the gray squares 
shown in Fig. 6A and those in which the dots are 
generated with the pattern of the gray squares shown in 
Fig. 6B. 

In the error diffusion method, the image quality 
is not significantly affected by a slight change in the 
quantization threshold value. In the systematic dither 
method, the image quality in gradational representation 
is significantly affected by the dither pattern to be 
employed. 

In the error diffusion method involving the 
periodic change in the quantization threshold value as 
explained in the foregoing, the gradational 
representation determining the image quality is after 
all governed by the error diffusion method, so that the 
image quality of the gradational representation is 
scarcely affected by a slight change in the arrangement 
of dots or by a change in the texture generation. 

Even in case of a change in the quantization 
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threshold value, the error corresponding to the 
difference between the signal value and the quantized 
value is distributed to the surrounding pixels, so that 
the entered signal value is macroscopically retained. 
Stated differently, the error diffusion method has a 
very large redundancy in the arrangement of dots and in 
the generation of texture. 

In the following there will be given an 
explanation on the additional information extracting 
unit 105. 

Fig. 7 is a block diagram showing the 
configuration of the additional information extracting 
unit 105. An input terminal 700 enters the image 
information read by the scanner. The scanner to be 
employed preferably has a resolution at least equal to 
that of the printer employed for preparing the print. 
In order to exactly read the presence of the dots on 
the print, the resolution of the scanner has to be at 
least twice of that of the printer, according to the 
sampling principle. However, a resolution of the 
scanner at least equal to that of the printer can 
identify, even if not exactly, the presence of the 
dots. 

In the first embodiment, for the purpose of ease 
of explanation, the resolution of the printer is 
assumed to be equal to that of the scanner. 

A geometrical displacement detection unit 701 
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detects the geometrical displacement of the image 
entered by the scanner. The image information entered 
from the input terminal 700, having been subjected to 
the processes of output by the printer and input by the 
scanner, may be significantly displaced geometrically 
from the image information prior to the output by the 
printer. 

Therefore, the geometrical displacement detection 
unit 701 is provided with a detection unit for 
detecting four points in the end portion where the 
image information is assumed to be printed in the 
print. If the resolution of the printer is same as 
that of the scanner, the rotation (inclination) of the 
image, which is caused for example by skewed paper 
feeding on the printer at the recording operation on 
paper or by displacement of the print at the setting 
thereof on the scanner, is a major factor to be 
corrected. The detection of the four points in the end 
portion allows to judge the level of displacement in 
the rotating direction, 

A block forming unit 702 forms blocks in the unit 
of P X Q pixels. This block has to be smaller than the 
block of N X M pixels formed at the multiplexing. More 
specifically there have to be satisfied following 
relationships : 

P < N, Q < M (4) 

Also the blocks of P x Q pixels each are formed 
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with a skipping of a predetermined interval, in such a 
manner that a block of P x Q pixels is contained in 
each area that is assumed to be the block of N x M 
pixels formed at the multiplexing. The number of 
pixels for such skipping is basically N pixels in the 
horizontal direction and M pixels in the vertical 
direction, but it is necessary to calculate the amount 
of displacement per block by dividing the displacement 
amount detected by the geometrical displacement 
detection unit 701 with the number of blocks and to 
execute correction by adding such displacement amount 
per block to the number of pixels of skipping. 

Fig, 8 shows the block formation with the 
correction for the displacement amount, whether the 
largest rectangular area indicates the scanner image 
transmitted from the scanner, and a large inner area D 
surrounded by thick lines represents an image print 
area where the image is assumed to be printed. The 
detection of four end points of the image print area D 
allows to judge the rotational displacement of the 
image information. 

The detection of the end portion may be achieved 
by recording a marker, indicating the end portion, in 
advance at the printing operation or by detecting the 
difference in density between the white area of the 
paper and the printed area. Based on the displacement 
T in the horizontal direction and the displacement S in 



- 26 - 



the vertical direction, the displacement amount (T', 
S') per block can be calculated as follows: 
T ' T X M/HEIGHT ( 5 ) 

S ' = S X N/WIDTH ( 6 ) 

A smaller rectangular area surrounded by thick 
lines indicates a block formed with P x Q pixels. For 
the simplicity of explanation, the formed blocks are 
shown only in the upper first row. By the block 
formation corrected according to the equations ( 5 ) and 
(6), the start position of each block is so controlled 
that a block of P x Q pixels is contained in an area 
which is assumed to the block of N x M pixels formed at 
the multiplexing. 

An orthogonal transformation unit 703 executes 
orthogonal transformation on the P x Q pixels formed as 
a block. However, for executing two-dimensional 
orthogonal transformation, the blocks have to be formed 
with square blocks where Q = P. In the first 
embodiment, DCT (discrete cosine transformation) is 
adopted as an example. 

The two-dimensional DCT coefficients for a block 
of P X P pixels are given by: 
C(x) = 1//2 (x=:0) 

C(x) = 1 (xp^O) (7) 

A classification unit 704 executes classification 

by the band of the orthogonal transformation 

coefficients . 



Fig. 9, showing an example of classification where 
P = Q = 16, represents the orthogonal transformation 
coefficients F(u, v) in a block, wherein the upper left 
corner square corresponds to the DC component and the 
remaining 255 squares correspond to the AC components • 

As an example, there are formed two classes, 
namely a class A centered at F(8, 4) and a class B 
centered at F(4, 8). These two classes are indicated 
by thick lines. The classification unit need not 
classify all the 256 components but is only required to 
classify into plural classes having centers at the 
desired components. The number of required classes 
correspond to the number of conditions for quantization 
control at the multiplexing. Stated differently, the 
number of classes does not become larger than the 
number of conditions for quantization control. 

A power comparison unit 705 compares the sum of 
the electric power of the classes. For achieving 
faster calculation, the electric power may be replaced 
by the absolute value of the generated transformation 
coefficient. The signal of the additional information 
is discriminated by comparing the sum of the electric 
power of the classes. In the following there will be 
explained, as an example, a case of applying the 
quantization conditions A, B shown in Figs. 6A and 6B 
at the embedding of the additional information. In the 
quantization with the conditions A, B, as explained in 
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■the foregoing, there tends to be generated a texture in 
which the dots are arranged in oblique directions of 
different angles- Thus, in a block quantized with the 
quantization condition A, a large power is generated in 
5 the class A shown in Fig. 9 after the orthogonal 

transformation process . 
Q On the other hand, in a block quantized with the 

condition B, a large power is generated in the class B 



Hi 

in 



in Fig. 9 after the orthogonal transformation. Thus, 
10 the relative comparison of the magnitude of powers of 
the classes A and B allows whether the quantization 
condition A or B is employed in multiplexing the 
^fj concerned block. Since the quantization condition is 

p related to the sign (bit in the equation (3)) of the 

15 additional information, the identification of the 

quantization condition allows to specify the sign of 
multiplexing . 

In the example of the flow chart shown in Fig. 4, 
bit = 0 and bit = 1 are respectively assigned to the 
20 quantization conditions A and B. Therefore, bit = 0 
can be identified if the power of the class A is 
larger, while bit = 1 can be identified if the power of 
the class B is larger. 

In the quantization by the error diffusion method, 
25 the filter itself of the error diffusion method has the 
characteristics of a high-pass filter for passing the 
high frequency range. Therefore, the power of the low 
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to medium frequency range such as "the classes A and B 
decreases in the transformation coefficients after the 
ordinary quantization, whereby the aforementioned 
discrimination is rendered possible. 

If the power of such low to medium frequency range 
is relatively large,. there can be assumed a situation 
where a large electric power is generated by an 
artificial control of the quantization condition. 
Stated differently, by changing the regularity of the 
changing period of the quantization condition, it is 
possible to generate a large power in desired manner 
with scarcely noticeable change in the image. 

In the first embodiment, there has been explained 
a case where the quantization condition at the 
multiplexing is controlled in two manners, namely the 
quantization conditions A and B, and the classification 
at the extraction is in two manners, namely the classes 
A and B. Such situation corresponds to a case where 
the additional information in the block consists of 1 
bit, but it is naturally possible to control the 
quantization condition in a larger number of manners 
and to execute classification in a larger number of 
classes. (The quantization condition C is excluded 
since it is applied outside the area of embedding the 
additional information. ) 

In the first embodiment, it is not necessary to 
embed the information by orthogonal transformation at 
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the multiplexing as in the conventional art. A 
deviation in the frequency after the quantization is 
generated by a mere change in the quantization 
condition. Besides, since the deviation in the 
frequency is mixed in the high frequency components 
generated in the error diffusion method, such deviation 
is visually not easily recognizable. Also the 
precision of extraction becomes very high because the 
multiplexing is executed at the quantization step which 
is immediately prior to the transmission to the 
printer. 

In the first embodiment explained in the 
foregoing, the image in the form of blocks becomes more 
inclined as the geometrical displacement increases, so 
that the frequency becomes displaced from the desired 
value. For example, even if the multiplexing is so 
executed as to generate a large electric power at F(4, 
8), the generated frequency becomes displaced from F(4, 
8) as the image is inclined. For this reason, there 
can be conceived a configuration in which the 
configuration of the classes is dynamically changed 
according to the amount of geometrical displacement. 
Naturally there may be adopted only one classification 
if the displacement amount is limited. 

Also the quantization conditions A, B, C and the 
classes A, B in the classification are merely an 
example and the present invention is not limited to 



such example. There may be adopted another regularity, 
or there may be employed any arrangement of the steeply 
different quantization threshold value. Also the 
quantization condition may be changed with a variable 
cycle in the vertical and/or horizontal direction by 
means of a counter or with a quantization threshold 
value table in which the regularity is selected in 
advance , 

Also the quantization has been explained by 
binarization as an example, but the present invention 
is not limited to such example. 

Also the method of orthogonal transformation has 
been explained by DCT, but the present invention is not 
limited to such example, and there may be adopted other 
orthogonal transformations such as Hadamard 
transformation, Fourrier transformation or wavelet 
transformation . 

In the first embodiment, as explained in the 
foregoing, the quantization condition is changed in the 
unit of a block of M x N pixels formed by dividing the 
image, and the information is embedded into the image 
by quantizing the image according to such quantization 
condition. Therefore, in comparison with the 
conventional method of information embedding by 
orthogonal transformation, it is rendered possible to 
embed the information into the image so as to suppress 
the deterioration in the image quality and to enable 
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precise extrac1:ion of the embedded information. 

Also the embedded information can be extracted by 
executing orthogonal transformation in the unit of a 
block of P X Q pixels formed by dividing the image, 
classifying the transformation coefficients of such 
orthogonal transformation into plural classes and 
comparing the electric powers of such classes. 
Therefore the embedded information can be extracted in 
more precise manner in comparison with the conventional 
method in which the coefficients of transformation are 
not classified into plural classes. 

Fig. 10 is a block diagram showing the 
configuration of an additional information extracting 
unit in a second embodiment. 

As the configuration shown in Fig. 10 is only 
partly different from that shown in Fig. 1 , the 
corresponding components are represented by 
corresponding symbols and the following explanation 
will be given only on the different points. 

Referring to Fig. 10, an evaluation unit 1000 
evaluates the result of comparison from a power 
comparison unit 705. There is evaluated the accuracy 
of discrimination by the relative comparison of the 
classes, by comparing the difference G of the powers of 
the classes and a predetermined threshold value TH. In 
case there are three or more classes, the difference in 
power between the class of the largest power and that 
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of the second largest power is assumed as G. 

Stated differently, there is discriminated whether 
a class of a steeply different power level is present 
in the block of P x Q pixels, by introducing an 
evaluation function G. Such class of the steeply 
different power level may not be generated by various 
conditions, such as the state of the image information, 
the precision of dot placement at the printer output, 
the reading precision of the scanner etc. If a class 
of the largest value is selected in a situation where 
the class of a steeply different power level is absent, 
the sign of the additional information may be 
erroneously judged- Therefore, the evaluation unit 
1000 determines the sign of the additional information 
according to the quantization condition of the class 
with the largest power, if the difference G in the 
power of the classes is equal to or larger than the 
predetermined threshold value TH. 

If the difference G is smaller than the threshold 
value TH, the reliability is judged low and such 
information is supplied to a block formation control 
unit 1001, which controls the conditions of block 
formation. In the second embodiment, it changes the 
position of block formation. The block formation 
control unit 1001 determines the amount of change, and 
a block formation unit 1002 executes block formation 
again, employing the changed position as the original 
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point. 

Figs, llA and IIB show the mode of such change. 
Fig, llA shows a block formed first time, and Fig. IIB 
shows a block formed second time. In Fig. IIB, a 
broken-lined block indicates the position of the block 
formed first time. 

A larger inclined rectangle indicates an assumed 
block consisting of N x M pixels. The block formation 
control unit 1001 has to control the amount of change 
so as not to overflow from such assumed block. 

After the repeated block formation, the process is 
executed again as in the first time to calculate the 
difference G in the electric power, which is then 
subjected to comparison with the threshold value TH. 
If a class with a steeply different power level is 
generated by the repeated block formation, the sign of 
the additional information is determined based on such 
result. If a class with such steeply different power 
level is absent again, the class with the largest power 
is adopted if it is same as in the first cycle. 

If the class with the largest power after the 
repeated block formation is different from that in the 
first cycle, there is adopted the class showing the 
large power difference G in the first or second cycle. 
Such discriminations repeated plural times allow to 
reduce the rate of erroneous judgment for the extracted 
additional information . 



Figs. 12A and 12B show a mode of repealled block 
formation, different from that shown in Figs. IIA and 
IIB. Fig. 12A shows the block formation in the first 
cycle, while Fig. 12B shows the block formation in the 
second cycle. As in Fig. IIB, a solid-lined rectangle 
indicates a block formed again, and a broken-lined 
rectangle indicates a block formed first time. In this 
example, the size of the block is changed at the 
repeated block formation. 

More specifically, the block formation first time 
is executed with P x p pixels, while the block re- 
formation is executed with an increased size of 2P x 2P 
pixels. A class of a steeply different power level is 
more easily generated in the orthogonal transformation 
on 2P X 2P pixels than on P x p pixels. In such case, 
the classification naturally has to be changed 
according to the block size. 

For example, a class having the center at F(4, 8) 
at the block formation in the unit of P x P pixels is 
changed, in case of block formation in the unit of 2P x 
2P pixels, to a class having the center at F(8, 16). 
Also in such case, the block re-formation has to be so 
controlled as not to overflow from the assumed block of 
N X M pixels. 

In the example shown in Figs. 12A and 12B, the 
priority is preferably given to the discrimination 
based on the block formation of the second time rather 



- 36 - 



than that of the first time. Thus there is adopted the 
class having the largest value in the block re- 
formation, regardless whether a class of a steeply 
different level is generated in the block re- formation. 

In the foregoing there has been explained a case 
of executing the block formation of the first time with 
a unit of P X p pixels and that of the second time with 
a unit of 2P x 2P pixels, but the increase in size is 
not limited to such example. In general, in case the 
block formation of the first time is executed with the 
unit of P X Q pixels, it is effective to execute the 
block re-formation with the unit of K x L pixels (P < K 
or Q < L). 

In the foregoing there has been explained the 
discrimination method by block re-formation, but such 
method is not restrictive. It is also possible to 
repeat the block re- formation twice or more, or to 
execute plural block formations from the first time and 
to comprehensively judge the results in the block. 

In the foregoing there has been explained each of 
the additional information multiplexing unit and the 
additional information extracting unit, but the second 
embodiment is not limited to the combination of these 
two units. 

As explained in the foregoing, the second 
embodiment utilizes an evaluation unit for comparing 
the difference between the classes in the power with a 
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threshold value, and, in case the difference is equal 
to or less than the threshold value, executes the block 
formation again with a change in the position or size 
of the block, thereby enabling precise extraction of 
the embedded information. 

In the foregoing second embodiment, there has been 
explained a method of extracting, from the image 
information, the embedded information which is embedded 
therein by applying a pseudo gradation process 
utilizing the error diffusion method on the image 
information, but the embedding method for the 
information to be extracted is not limited to the error 
diffusion method. For example, the information may be 
embedded for example by a pseudo gradation process 
utilizing the dither method. 

The present invention may be applied to a system 
consisting of plural equipment ( for example host 
computer, interface devices, reader, printer etc. ) or 
an apparatus consisting of a single equipment ( such as 
a copying machine or a facsimile apparatus), within an 
extent that the functions of the foregoing embodiments 
can be realized. 

Also the present invention includes a case where 
the program codes of a software realizing the functions 
of the aforementioned embodiments are supplied to a 
computer of a system or an apparatus connected to 
various devices in order to operate the device so as to 



realize the functions of the aforementioned embodiments 
and the functions of the aforementioned embodiments are 
realized by operating the devices by the computer (CPU 
or MPU) of the above-mentioned system or apparatus 
according to the program codes. 

In such case the program codes themselves of the 
software realize the functions of the aforementioned 
embodiments, and the program codes themselves and the 
means for supplying the computer with such program 
codes, for example a memory medium storing the program 
codes, constitutes the present invention. 

The memory medium storing such program codes can 
be, for example, a floppy disk, a hard disk, an optical 
disk, a magnetooptical disk, a CD-ROM, a magnetic tape, 
a non- volatile memory card or a ROM. 

The present invention also includes such program 
codes not only a case where the functions of the 
aforementioned embodiments are realized by the 
execution of the read program codes by the computer but 
also a case where an operating system or the like 
functioning on the computer executes all or a part of 
the actual processes under the control of such program 
codes thereby realizing the functions of the 
aforementioned embodiments . 

The present invention further includes a case 
wherein the supplied program codes are once stored in a 
memory provided in a function expansion board inserted 
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into the computer or a function expansion unit 
connected to the computer, and a CPU provided in the 
function expansion board or the function expansion unit 
executes all the process or a part thereof according to 
the instructions of such program codes, thereby 
realizing the functions of the aforementioned 
embodiments . 

As explained in the foregoing, in adding 
predetermined information to an image, the present 
invention divides the image into plural image areas, 
then quantizes the image area by the error diffusion 
method and controls the quantization condition for such 
quantization in the unit of the image area, thereby 
suppressing the deterioration in the image quality 
resulting from the addition of the predetermined 
information to the image and enabling to embed the 
predetermined information in the image in such a manner 
that such embedded information can be precisely 
extracted . 

Also in extracting predetermined information from 
an image in which the predetermined information is - 
added, the present invention divides the image into 
plural image areas, then executes orthogonal 
transformation on the image areas, classifies the image 
areas into plural classes based on the orthogonal 
transformation and extracts the predetermined 
information based on a feature amount of each class 
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thus classified, thereby enabling to precisely extract 
the predetermined information from the image to which 
such predetermined information is added. 



